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Abstract 
In advanced ultrasound imaging systems, expensive high-end integrated analog front-ends have been traditionally used to support 
generation of arbitrary transmit waveforms, in addition to transmit focusing and apodization control. In this paper, we present a 
cost-effective computer-controlled reconfigurable high-resolution arbitrary waveform generator (HRAWG) that has been 
designed for ultrasound research, development and teaching at the Federal University of Technology (UTFPR), Brazil. The 8-
channel transmit beamformer is fully controlled by a host computer in which a Matlab GUI with the Field II simulation program, 
allows easy and accurate control over the transmission parameters such as waveform, amplitude apodization and timing.   
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of 2015 ICU Metz. 
Keywords: Ultrasound; Research System; Focusing Beamforming; FPGA; Electronic Instrumentation 
1. Introduction 
Ultrasound imaging is a non-invasive real-time imaging technique that has gained broad acceptance in a wide 
range of medical and industrial applications. Although, the imaging technique is considerable a mature and well-
established technology, technical advances are still being made. There is a growing demand for innovative strategies 
which includes the proposal of novel approaches for signal and image processing, experimental investigation and 
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testing methodologies [1][2]. Unfortunately, less efforts are dedicated to hardware and software developments, 
particularly for transmission of ultrasound.  
The control scheme requested in the transmit beamformer design to generate high-speed high-voltage arbitrary 
transmit waveforms with low second order harmonic distortions and compatible bandwidth extension up to dozen 
MHz involves a trade-off between hardware complexity, efficiency and cost [3]. Expensive high-end integrated 
analog front-ends (e.g. ASICs) have been traditionally used for controlling the computational capability of the 
transmit beamformer system to provide the required transmit signals, not only for the generation of arbitrary 
waveforms, but also transmit focusing and apodization of each element of a transducer array.   
In an attempt to improve the access to the transmission parameters and full control over the sequence of ultrasonic 
transmit beams, several approaches have been proposed by the research community. For example, Ricci et al. [3] 
describe a compact and cost-effective FPGA-based arbitrary wave generator (AWG) for medical applications that 
exploits the sigma-delta technique combined with the LVDS capability to synthesize a 32-channel AWG. Qiu et al. 
[4] present the development of a multifunctional, pulse generator for high-frequency ultrasound (HFUS) imaging 
with a reconfigurable and compact design. On the other hand, PC-based processing and control solutions have 
emerged, introducing the possibility to reduce its cost while at the same time improving the flexibility and speed up 
the research process.  
In this paper, we presents a computer-controlled 8-channel FPGA-based digital high resolution arbitrary 
waveform generator (HRAWG) system that has been designed for ultrasound research, development and teaching at 
the Federal University of Technology - Paraná (UTFPR), Brazil. The values of any transmit parameter can be 
changed dynamically on the host computer without recompiling the FPGA design. A Matlab (Mathworks, Inc.) 
graphical user interface (GUI) with the Field II simulation program [5], was developed to implement a control 
software application for flexible and real-time pulse management through a USB 2.0 interface. 
2. System Description 
The overall block diagram of the proposed computer-controlled HRAWG is illustrated in Fig. 1. The proposed 
system consists of a host personal computer and two dedicated boards: a commercial Cyclone III Development 
Board (Altera Corp.) and a customized AWG board with eight high-speed ultrasound beamforming source drivers 
MD2131 (Microchip Technology Inc.), previously described by Assef et al. [6].  
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Block diagram of the 8-channel high-resolution arbitrary waveform generator. 
2.1. Customized Graphical User Interface 
Fig. 2 shows the software interfaces for reconfiguration and control of the 8-channel HRAWG that has been 
developed with Matlab-based graphical user interface (GUI) tools. The user friendly GUI was designed as a set of 
Matlab M-scripts and functions to provide accurate control over the transmission parameters, such as excitation 
waveform, amplitude apodization, phase and timing. In addition, the software application was integrated to exchange 
data with the Field II program, an acoustic pressure field simulation package written by Jensen [5]. Therefore, it is 
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possible to define the geometry of the transducer as well as any apodization that can be handled. Moreover, the 
focusing time line can be calculated relative to a focal point with coordinates (x,y,z) on the selected aperture.  
The developed GUI allows easy operation of the HRAWG by simply selecting parameters through the list boxes 
or by typing on the respective text box and pressing the "Run" button. The application converts the transmission 
parameter settings into the corresponding commands in terms of amplitude, phase adjustment (resolution of 7.5°) 
and time delay. In this case, as FPGA works at 320 MHz, the calculated focusing time lines are converted into 16-bit 
delay cycles, corresponding to a resolution of 3.125 ns. Finally, the calculated data can be transferred from the PC to 
the FPGA through the USB channel.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Ultrasound Transmit Research GUI designed to control the transmission parameters. 
2.2. Apodization and Time Delay Pattern 
Fig. 3(a) shows the normalized 8-bit apodization weighs that can be selected and applied to the eight MD2131 
pulsers during the transmission procedures to reduce side lobes artifacts in the radiated beam pattern. In addition, the 
transmit focusing FPGA cycles (transmission time delay patterns) for focusing at 10, 20 and 30 mm, respectively, 
are shown in Fig. 3(b).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Normalized 8-bit responses profiles for an active aperture of 8 elements in the array. (a) Normalized apodization coefficients. (b) 
Normalized transmission focusing FPGA cycles (resolution of 3.125 ns). 
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3. Example of Application 
The performance of the computer-controlled HRAWG was evaluated by recording the excitation waveforms 
across RC loads (1 kȍ and 220 pF) using a 4-channel 200 MHz digital oscilloscope. Fig. 4 shows the voltage traces 
from the individual channels with amplitude range from 4.34 Vpp to 92 Vpp and center frequency of 20 MHz 
(52.6% relative bandwidth). The waveforms were generated using a +50 V power supply. Fixed transmit focusing at 
20 mm with symmetrical delays about phase center and Gaussian apodization windowing (Į = 2.5) were selected. 
Besides the amplitude of the pulses, the respective coefficients of apodization (c.a.) are also indicated in Fig. 4. 
of an aperture of 8 elements  
 
 
 
 
 
 
Fig. 4. Experimental excitation waveforms across RC loads with indication of the amplitudes and the respective coefficients of apodization (c.a.). 
4. Conclusion 
In summary, we have successfully developed and tested a fully computer-controlled reconfigurable high-
resolution 8-channel arbitrary waveform generator system. The present example using RC loads shows the 
flexibility, feasibility and potential advantages of this approach to generate high voltage arbitrary waveforms 
suitable for different ultrasonic experimental investigations, including medical ultrasound imaging, HIFU (High 
Intensity Focused Ultrasound) beamforming, ultrasonic NDT (Nondestructive Testing) and other focusing 
beamforming applications.  
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